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1. Current literature highlights
1.1. Peptide trimeric helix bundle packing by dynamic combinatorial
chemistry
Understanding and ultimately controlling the stability of ter-
tiary structures is a goal in the design of synthetic proteins. Dy-
namic combinatorial chemistry (DCC) has been used to
investigate the preferred interior amino acid residue in a-helical
peptides that optimise the stability of a trimeric a-helical peptide
bundle.1
DCC is a method in which various chemical components are
allowed to react or self-aggregate in equilibrium to generate the
thermodynamically most favourable outcome. In this recent pa-
per, a mixture of 36 different peptides were allowed to assemble
under equilibrium conditions to ascertain the preferred residues
in a three helix polypeptide bundle. Each peptide was comprised
of three repeats of a heptad abcdefg in which residues a and d
were hydrophobic amino acids. This design permitted these lipo-
philic residues to be on the interior of the peptides upon forma-
tion of the trimeric a-helical peptide bundle. Each peptide had
the sequence bpy-GQAVARXEKAXARLEEAVA-NH2 wherein the
two X positions were restricted to the six variable amino acids:
glycine, alanine, valine, leucine, isoleucine and phenylalanine.
The bpy residue represents covalently attached 2,2-bipyridyl li-
gands which were a critical component of the product isolation
process. In order to ascertain the identity of the thermodynami-
cally most stable trimers, these were captured by adding hexaco-
ordinate Fe2+ ions which bound to the three terminal bipyridyl
ligands.
The 36-peptide library was synthesized using routine split and
mix methods on polystyrene resin beads. To avoid ambiguity in
mass spectral analysis of ﬁnal library members, the mass degener-
acy of leucine and isoleucine was eliminated by using 13C-labelled
leucine. The 36 peptides were incubated in the presence of
3.3 mol% of iron(II) to generate the preferred tripeptides as
iron(II)trimers. After 24 h, the trimers were separated by size-
exclusion chromatography. Metal ions were removed by the use
of EDTA, and the identity of the preferred apopeptides determined
by LC-MS.
The library was subjected to several rounds of DCC selection.
During the ﬁrst round, sequences containing Phe were suppressed,
and a second round resulted in the elimination of all Phe sequences
and the suppression of Gly-containing sequences. After the third
round of selection, the library was reduced to ﬁve dominant pep-
tide sequences containing Leu-Val, Leu-Ala, Leu-Ile, Ile-Ala and
Ile-Val. The stability of selected trimers revealed that the most sta-
ble 2:1 heterotrimer was (LI)2:IA and the most stable 1:1:1 hetero-
trimer was LV:LI:IA.
Overall, this very creative use of DCC has investigated the fold-
ing stability of over 8000 homologous protein sequences, and ulti-
mately revealed that the set of optimally stable sequences is
represented by only 15 distinct peptide combinations. It was noted
that Ala is present in the hydrophobic cores of the two most stable
heterotrimers suggesting a requirement for a ‘jigsaw’-type packing
between bulky and less bulky residues.
1.2. Aurora kinase inhibitors from a focused library of
furanopyrimidines
Aurora kinases A, B and C are members of the serine/threonine
kinase family that are key mitotic regulators. Overexpression of
Aurora A and B has been connected with tumour formation, and
thus inhibitors offer the potential for cancer therapy. A recent pub-
lication describes the rapid parallel synthesis and screening of a li-
brary of 350 furanopyrimidines.2
From screening an in-house compound library it was discov-
ered that compound 1, an amino-substituted furanopyrimidine,
was an inhibitor of Aurora A kinase with an IC50 value of
390 nM. Both phenyl rings were required for activity, and thus it
was decided to prepare a library of around 350 compounds (3)
in which variation was explored around the amine substituent.
The library was prepared in parallel in standard glass vials, using
the chloropyrimidine precursor (2), heating with various primary
and secondary amines at 80 C in n-butanol for 16 h. It was found
that the reaction proceeded largely to completion with primary
and secondary amines, but that heterocyclic and aniline deriva-
tives did not react sufﬁciently successfully to allow their inclusion
in the library.
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As the products were tested against Aurora A without puriﬁca-
tion, it was ascertained that the presence of unreacted starting
material 2 would not affect the biological assay. In each case, at
the end of the chemical reaction, the n-butanol was evaporated,
and the residue was diluted with DMSO to give a 10 mM stock
solution. Screening was undertaken at 10 lM, and it was found
that 46% of the library compounds exhibited more than 50% inhibi-
tion. Of these, 20 compounds showed over 90% inhibition, and
resynthesis of the best compounds resulted in the identiﬁcation
of 10 compounds with sub-micromolar inhibitory activity.
Further modiﬁcation of one of the best compounds resulted in
compound 4, which inhibited Aurora A kinase with an IC50 value
of 43 nM. The compound had antiproliferative activity at sub-
micromolar concentrations against the HCC-116 colon cancer cell
line in vitro, and was subsequently demonstrated also to inhibit
Aurora kinase B.
2. A summary of the papers in this month’s issue
2.1. Solid-phase synthesis
An approach that combines solid-phase and solution-phase
synthesis of oligosaccharides via the assistance of sonication has
been developed. By employing the traceless linker, the designed
oligosaccharides can be obtained in pure form and ready for incor-
poration into aglycons of interest via ‘Click’ chemistry or amide
linkage.3
A facile synthesis of novel 2-amino-6-arylmethyl-7-carboxa-
mido-7,8-dihydropyrimido[5,4-f][1,4]thiazepin-5-ones has been
described. The synthesis was developed on solid-phase and was
applied to provide a series of analogues in good yield.4
2.2. Solution-phase synthesis
N-cyanoacetyl-N0-triﬂuoroacetyl-N0-alkylhydrazines, prepared
via a hydrazino-Ugi reaction, provided different pyrazol-3-ones
when exposed to mildly acidic and mildly basic conditions at
60 C. These approaches offer simple access to two different pyra-
zol-3-one-containing chemotypes in a diversity-oriented fashion,
requiring only two chemical operations from simple precursors.5
2.3. Scaffolds and synthons for combinatorial libraries
Chlorotrimethylsilane-promoted Biginelli-type reaction of ethyl
2,4-dioxo-4-phenylbutanoate, benzaldehyde, and various (thio)ur-
eas have been explored. The di- and tetrahydropyrimidine deriva-
tives obtained possess two functional groups with orthogonal
reactivity, and thus represent promising building blocks for drug
discovery.6
The use of tetraﬂuoropyrimidine as a scaffold for the synthesis of
2,4,6-trisubstituted pyrimidine derivatives by three sequential
nucleophilic aromatic substitution processes has been assessed.
Reactions of tetraﬂuoropyrimidinewith various amine nucleophiles
followed by a series of nitrogen and oxygen centred nucleophilic
species gave a range of 4,6-disubstituted-2,5-diﬂuoropyrimidine
systems regioselectively and in goodyield.Displacementof a further
ﬂuorine atom from representative diﬂuoropyrimidine derivatives
proceeded to give trisubstituted pyrimidine derivatives.7
1,5-Di(hetero)arylated-pyridin-2(1H)-one derivatives have
been readily obtained in good yields starting from 2-ﬂuoro-5-pyr-
idylboronic acid. The sequence comprises three steps: (i) palla-
dium-catalysed Suzuki–Miyaura reaction, (ii) base-catalysed
hydrolysis and (iii) copper-catalysed C–N coupling. These com-
pounds are of interest as new scaffolds for drug discovery.8
2.4. Solid-phase supported reagents
No papers this month.
2.5. Novel resins, linkers and techniques
DNA-encoded chemical libraries are large collections of small
organic molecules, individually coupled to DNA fragments that
serve as ampliﬁable identiﬁcation bar codes. The isolation of spe-
ciﬁc binders requires a quantitative analysis of the distribution of
DNA fragments in the library before and after capture on an immo-
bilised target protein. It has been shown that Illumina sequencing
can be applied to the analysis of DNA-encoded chemical libraries,
yielding over 10 million DNA sequence tags per ﬂow-lane, and
the sequence distributions were found to be similar to the ones ob-
tained using 454 technology, thus reinforcing the concept that
DNA sequencing is an appropriate avenue for the decoding of li-
brary selections.9
2.6. Library applications
A range of 3,6-di(hetero)arylimidazo[1,2-a]pyrazine ATP-com-
petitive inhibitors of CHK1 were developed by scaffold hopping
from a weakly active screening hit. Efﬁcient synthetic routes for
parallel synthesis were developed to prepare analogues with im-
proved potency and ligand efﬁciency against CHK1. Kinase proﬁl-
ing showed that the imidazo[1,2-a]pyrazines could inhibit other
kinases, including CHK2 and ABL, with equivalent or better po-
tency depending on the pendant substitution.10
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The efﬁcient synthesis and biological evaluation of new benzo-
dioxinoindolocarbazoles heterocycles (BDCZs) designed as poten-
tial anticancer agents have been reported. Indolic substitution
and maleimide variations were performed to design a new library
of BDCZs and their cytotoxicities were evaluated on two represen-
tative cancer cell lines.11
The discovery of novel purine derivatives with potent and selec-
tive inhibitory activity against c-Src tyrosine kinase has been re-
ported. These compounds were found by adopting a strategy
integrating focused combinatorial library design, virtual screening,
chemical synthesis, and bioassay. Thirty-two compounds were se-
lected and synthesised, and all compounds showed potent inhibi-
tory activity against c-Src kinase with IC50 values ranging from
3.14 lM to 0.02 M.12
The synthesis of a novel aminomethyl C-3 substituted l-fuco-
azafagomine and of its C-6 epimer from D-lyxose has been de-
scribed. The 3-aminomethyl-azafagomine derivatives were used
as lead compounds in the generation of libraries of novel types of
derivatives by attaching different hydrophobic groups on the ami-
nomethyl substituent through amide linkages. The conformational
analysis and the glycosidase inhibitory properties of all the new C-
3 substituted azafagomines synthesised have also been reported.13
A library of 25 10-unsubstituted and 10-bromo or 10-acetoxy 3-
alkyl-5-methylene-2(5H)-furanones and two 3-alkylmaleic anhy-
drides was synthesised using existing and new methods. This li-
brary was tested for the antagonistic effect against the bioﬁlm
formation by Salmonella Typhimurium and the quorum sensing
regulated bioluminescence of Vibrio harveyi.14
On the basis of a hit from random screening, 120 biaryl amide
derivatives have been prepared in a combinatorial manner via par-
allel solution-phase synthesis, and their effects on melanocytes
were investigated to discover new effective skin depigmenting
agents. Among the derivatives prepared, ﬁve members exhibited
a >30% reduction of melanin production at 30 lMwith a cell viabil-
ity of >90%.15
Rational conversion of non-continuous active regions of pro-
teins into a small orally bioavailable molecule is crucial for the dis-
covery of new drugs based on inhibition of protein–protein
interactions. A new method has been developed that utilises back-
bone cyclisation as an intermediate step for conversion of the CD4
non-continuous active region into small macrocyclic molecules.
This approach was used to design orally available macrocyclic
HIV-1 infection inhibitors that mimic the gp120 binding site in
CD4.16
Human airway trypsin-like protease (HAT) is an important
physiological enzyme with the main activity present in an airway.
In a recent publication, the substrate speciﬁcity and selectivity
study of the protease, performed by a combinatorial approach
using a ﬂuorogenic/chromogenic tetrapeptide library, has been de-
scribed. Based on selected sequences from this library, two peptide
aldehydes were synthesised and were found to be effective HAT
inhibitors working in the nanomolar range.17
Screening of the NCI Diversity Set-1 identiﬁed PI-083, a protea-
some inhibitor selective for cancer over normal cells. Focussed li-
braries of novel compounds based on PI-083 chloronaphtho
quinone and sulphonamidemoietieswere synthesised to gain a bet-
ter understanding of the structure-activity relationship responsible
for the chymotrypsin-like proteasome inhibitory activity.18
References
1. Roy L, Case MA. J Am Chem Soc 2010;132(26):8894–6.
2. Coumar MS et al. J Med Chem 2010;53(13):4980–8.
3. Tanifum CT et al. Tetrahedron Lett 2010;51(33):4323–7.
4. Qin L-Y et al. Tetrahedron Lett 2010;51(34):4486–9.
5. Lakontseva E, Krasavin M. Tetrahedron Lett 2010;51(31):4095–9.
6. Ryabukhin SV et al. Tetrahedron Lett 2010;51(32):4229–32.
7. Parks EL et al. Tetrahedron 2010;66(32):6195–204.
8. Siddle JS et al. Tetrahedron 2010;66(32):6138–49.
9. Buller F et al. Bioorg Med Chem Lett 2010;20(14):4188–92.
10. Matthews TP et al. Bioorg Med Chem Lett 2010;20(14):4045–9.
11. Ayerbe N et al. Bioorg Med Chem Lett 2010;20(15):4670–4.
12. Huang H et al. Bioorg Med Chem 2010;18(13):4615–24.
13. Moreno-Clavijo E et al. Bioorg Med Chem 2010;18(13):4648–60.
14. Steenackers HP et al. Bioorg Med Chem 2010;18(14):5224–33.
15. Hwang S et al. Bioorg Med Chem 2010;18(15):5602–9.
16. Hurevich M et al. Bioorg Med Chem 2010;18(15):5754–61.
17. Wysocka M et al. Bioorg Med Chem 2010;18(15):5504–9.
18. Lawrence HR et al. Bioorg Med Chem 2010;18(15):5576–92.
Further reading
Papers on combinatorial chemistry or solid-phase synthesis from other
journals
Yoshida J-I, Nagaki A. Building addressable libraries as platforms for biological assays
by an electrochemical method. Angewandte Chemie, International Edition
2010;49(22):3720–2.
Chang MW, Giﬃn MJ, Muller R, Savage J, Lin YC, Hong S, et al. Identiﬁcation of broad-
based HIV-1 protease inhibitors from combinatorial libraries. Biochemical Journal
2010;429(3):527–32.
Osada H. Introduction of new tools for chemical biology research on microbial
metabolites. Bioscience, Biotechnology and Biochemistry 2010;74(6):1135–40.
Huang Y, Domling A. 1,4-Thienodiazepine-2,5-diones via MCR (II): scaold hopping by
Gewald and Ugi-deprotection-cyclization strategy. Chemical Biology & Drug Design
2010;76(2):130–41.
Wu X, Dai X, Nie L, Fang H, Chen J, Ren Z, et al. Organocatalyzed enantioselective one-
pot three-component access to indoloquinolizidines by a Michael addition–
Pictet–Spengler sequence. Chemical Communications (Cambridge, England)
2010;46(16):2733–5.
So S, Peeva LG, Tate EW, Leatherbarrow RJ, Livingston AG. Membrane enhanced
peptide synthesis. Chemical Communications (Cambridge, England) 2010;46(16):
2808–10.
Sharma GK, Pathak D. Microwave-assisted, solvent-free and parallel synthesis of some
novel substituted imidazoles of biological interest. Chemical & Pharmaceutical
Bulletin 2010;58(3):375–80.
Kashima Y, Kitade T, Kashima Y, Okabayashi Y. Development of an automated
synthesis system for preparation of glucuronides using a solid-phase extraction
column loaded with microsomes. Chemical & Pharmaceutical Bulletin 2010;58(3):
354–8.
Kielland N, Catti Federica, Bello D, Isambert N, Soteras I, Luque FJ, et al. Boron-based
dipolar multicomponent reactions: simple generation of substituted aziridines,
oxazolidines and pyrrolidines. Chemistry–A European Journal 2010;16(26):
7904–15.
Linusson A, Elofsson M, Andersson IE, Dahlgren MK. Statistical molecular design of
balanced compound libraries for QSAR modeling. Current Medicinal Chemistry
2010;17(19):2001–16.
Singh V, Kaur S, Ratti R, Kad GL, Singh J. Acidic task speciﬁc ionic liquid catalyzed
synthesis of dihydropyrimidinones. Indian Journal of Chemistry, Section B: Organic
Chemistry Including Medicinal Chemistry 2010;49B(5):611–6.
Zhang Y, Li Q, Rodriguez LG, Gildersleeve JC. An array-based method to identify
multivalent inhibitors. Journal of the American Chemical Society 2010;132(28):
9653–62.
Volochnyuk DM, Ryabukhin SV, Plaskon AS, Dmytriv YV, Grygorenko OO, Mykhailiuk
PK, et al. Approach to the library of fused pyridine-4-carboxylic acids by Combes-
type reaction of acyl pyruvates and electron-rich amino heterocycles. Journal of
Combinatorial Chemistry 2010;12(4):510–7.
Chen L, Chen K-J, Lin C-C, Chu C-I, Hu S-F, Lee M-H, et al. Combinatorial approach to
the development of a single mass YVO4:Bi3+, Eu3+ phosphor with red and green
dual colors for high color rendering white light-emitting diodes. Journal of
Combinatorial Chemistry 2010;12(4):587–94.
Miller BL. Dynamic covalent chemistry: catalysing dynamic libraries. Nature Chemistry
2010;2(6):433–4.
Boltje TJ, Kim J-H, Park J, Boons G-J. Chiral-auxiliary-mediated 1,2-cis-glycosylations
for the solid-supported synthesis of a biologically important branched a-glucan.
Nature Chemistry 2010;2(7):552–7.
Sharma P, Moses JE. Ethynyldiisopropylsilyl: a new alkynylsilane protecting group
and ‘‘Click” linker. Organic Letters 2010;12(12):2860–3.
Proulx C, Lubell WD. Copper-catalyzed N-arylation of semicarbazones for the
synthesis of aza-arylglycine-containing aza-peptides. Organic Letters 2010;
12(13):2916–9.
Zbancioc GN, Zbancioc AMV, Mangalagiu II V. Environmentally friendly methods for
syntheses of new aromatic bisesters. Synthetic Communications 2010;40(15):
2201–8.
Milen M, Grun A, Balint E, Dancso A, Keglevich G. Solid-liquid phase alkylation of N-
heterocycles: microwave-assisted synthesis as an environmentally friendly
alternative. Synthetic Communications 2010;40(15):2291–301.
N.K. Terrett / Combinatorial Chemistry - An Online Journal 12 (2010) 33–35 35
